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MEANS AND METHOD OF MEASURING 
VISCOELASTIC STRAIN 

James E. Webb, Adminislralor of the National Aero- 
nautics and Space Administration, with respect to an 

invention of Anthony San Miguel and Robert H. Silver 
Filed Jan. 8,' 1964, Ser. No. 336,608 
8 Claims. <€1.73—88) 

This invention relates to means and method of measur- 
ing viscoelastic strain, and included in the objects of this 
invention are: 

First, to provide a means and method wherein the 
isoclinic positions (0 to 90 degrees) are photographed 
in a short time interval thus enabling one to attain strain 
and stress measurements as a function of time, sometimes 
referred to as viscoelasticity. 

Second, to provide a means and method of measuring 
viscoelastic strain in solid propellants wherein the prin- 
cipal direction and magnitude of strains are measured 
as a function of time and are recorded by the isoelinics 
and isochromatics as defined in. classical photcctestioity, 
•in a manner so as to provide full information regarding 
the properties of the propellant member. 

Third, to provide a means and method wherein the 
viscoelastic properties of propel! .int as well as other ma- 
terials can be measured under relaxation and creep con- 
ditions, or dynamic conditions, both cyclical and tran- 
sit ory, such as those experienced by operational solid 
rockets. 

Fourth, to provide a means and method whereby ex- 
perimental observations prerequisite to the fields of pholo- 
Ihermoelaslicity and photoviscoelasticity may be readily 
made; it being recognized that a knowledge of these fields 
is essential to the study of rocket propellant properties 
during cure and operational thermal cycling. 

Fifth, to provide a means and method of measuring 
viscoelastic strain, which is nondestructive in nature, so 
that after test the propellant may be installed in a rocket 
motor for use; or the propellant of a rocket motor sub- 
ject to a long storage period may be tested frorp time- 
to-time to insure that it is operational at the time of use. 

Sixth, to provide a means and method wherein a tu- 
bular solid propellant member is coated with a photo- 
elastic material, internally pressurized, and the resulting 
strain patterns at an end of the propellant are photo- 
graphed for analysis. 

Seventh, to provide a means and method wherein the 
strain patterns are photographed in polarized light, and 
in rapid succession under different conditions of pressure 
or orientation of the polarized light, or both, to provide 
full information regarding the properties of the solid 
propellant member. 

With the above and other objects in view, as may ap- 
pear hereinafter, reference is directed to the accompany- 
ing drawings in which: 

FIG. 1 is a perspective view 'with portions broken 
away illustrating the means for . strain-analyzing solid 
propellants; 

FIG. 2' is an enlarged, fragmentary, . sectional view 
taken through % — 2 of FIG. 1 showing the filter, turn-, 
table; 

FIG. 3 is an enlarged, fragmentary, sectional view taken 
through 3— 3 of FIG. I; 

FIG. 4 is a further enlarged, fragmentary, sectional 
view taken through 4 — 4 of FIG. 2; 

FIG. 5 is an enlarged, fragmentary, sectional view 
taken through 3—5 of FIG. 1 showing particularly the 
propellant member; 

FIG. 6 is an enlarged, plan view' of one of the filter 
units taken substantially from 6 — 6 of FIG. 4; 


FIG, 7 is a diagrammatical view showing the manner 
in which light from an annular light source is directed 
upon the propellant member and reflected to a camera; 

FIG. 8 is a fragmentary, sectional view, showing the 
5 upper portion of the propellant grain and switch means 
for axial control of the pressurizing bag. 

The means for strain-analyzing solid propellants in- 
cludes a supporting structure 1 having a lower platform 
2 on which is mounted a sleeve 3, which in turn includes 
10 a disk 4. The propellant member 5 to be tested Is sup- 
ported on the disk 4. 

The propellant is in the form of a hollow cylinder 
having relatively thick walls. The bore may be circular 
or may be star-shaped, or otherwise internally contoured 
15 to produce predetermined burning characteristics. For 
purposes of analyzing strains in the propellant member 
5, at least one end is provided with a birefringent coaling 
6 which conforms to the annular shape of the grain- and 
to the configuration of the bore, whether the bore be an- 
20 nuiar, star-shaped, or otherwise contoured. 

Fitted within the ’propellant member 5 is a pressurizing 
bag 7 premolded to fit in substantial conformance with 
the interior walls of the propellant member 5. The upper 
and lower ends of the pressurizing bag 7 are constricted 
25 to form necks 8 and 9 through which extends a mandrel 
10 . 

The upper neck 8 of the pressurizing bag 7 Is secured 
by clamp means 11 to the upper end of the mandrel 10. 
The lower end of the pressurizing bag 7 is secured by 
30 its neck 9 to the disk 4 by a clamp nut 12 so that the 
mandrel 10 is capable of axial movement to axially elon- 
gate or-snort.en the pressurizing bag 7. 

A portion of the clamp means 11 includes a retainer 
disk 13 which conforms to the cross sectional contour 
33 of the bore in the propellant member 5, and is located in 
close proximity to, but preferably clearing by a few 
thousandths of an inch, the upper end of the propellant 
member 5 so that the pressurizing bag 7 cannot extrude 
outwardly between the propellant member 5 and the 
retainer disk 13. The lower end of the pressurizing bag 7 
is confined within the boundaries cf the propellant grain 
by a spacer ring- 14. 

Mounted on the retainer disk 13 is a sensing switch 15 
having a probe 16 arranged to lightly engage the end sur- 
0 face of the propellant member 5. 

The lower end of the mandrel 10 is connected to a 
mandrel shifting means 17 which may include a piston 
and cylinder so that the mandrel 10 may be moved axially 
a limited distance. Operation of the mandrel shifting 
° means 17 is controlled by the sensing switch 15 so that 
even though the propellant member 5 may change in 
axial length when under test, the clearance between the 
retainer disk 13 and the upper surface of the propellant 
rr member 5 will remain substantially constant and be such 
that the pressurizing bag 7 cannot extrude radially. 

The mandrel 10 is provided with a pressurizing fluid 
passage 18 connected with a source of pressurizing: fluid. 
With the arrangement thus described the propellant msm- 
£0 her 5 may be uniformly pressurized throughout Its axial 
length in a manner analogous to the pressures created 
within the propellant when the propellant is Ignited In a 
rocket motor. It should be observed that, when the pro- 
pellant member 5 is expanded radially by the force ex- 
erled through the pressurizing bag 7, a corresponding' 
3 axial shrinkage occurs, making desirable the axial com- 
pensation afforded by the mandrel shifting means 17 and 
the sensing switch 15. By this arrangement strains devel- 
oped In the propellant are limited essentially to radial 
loads uninfluenced by any force exerted by the retainer 
disk 1 3 or by extrusion of the bag 7. 

The supporting structure 1 is provided with an upper 




pSaifonn 39 . on which is mounted a cylindrical filler 
housing 20 in which is mounted a turntable 21. Formed 
in the- turntable 2 1 is a circle of apertures 22 which may 
be moved, one at a time, into axial alignment with the 
propellant member 5 and exposed thereto through a tubu- 
lar opening 23. 

Each aperture 22 receives a filter unit 24. Each filter 
unit 24 includes a pair of glass disks 25 between which 
is positioned a Uttering element.. The filtering element 
may be a monochromatic filter or may be a polarizing 
filter, in the latter case, illustrated In the drawings, the 
polarizing filter includes a polarizing filter ring 26 and a 
central, coaxial, polarizing filter disk 27. 

The polarizing ring 26 and filler disk 27 are suitably 
bonded, as Indicated by 28, so as to secure the disk 27 and 
ring 26 with their polarizing axes in predetermined angu- 
lar relation. The entire filler unit 24 is adjustably secured 
by clamps 29 so that filter unit 24 may be oriented in 
different positions: and to aid in positioning the filter unit, 
a scale 30 is provided at the margin cf each aperture 22. 

The turntable 21 Is provided with a central drive shaft 
31 which is driven by a gear reduction and index unit 32, 
preferably arranged so that the apertures 22 and the filter 
units 24 niay be brought, in predetermined sequence, into 
axial alignment with the propellant member 5. 

Mounted above the opening 23 with which the aper- 
tures 22 are aligned, is a prism support 33 containing 
prisms 34 so arranged that light reflected from the coat- 
ing 6. and coaxial with the opening 23 and apertures 22 
in regisny therewith, will be directed at right angles to 
a camera 35. iseiaw the prisms 34 and carried ty the 
support 33 is an annular lamp frame 36 which contains 
an annular lamp 37. such as a xenon lamp, for directing 
light onto the coating 6. 

The method of strain-analyzing the solid propellant is 
as follows: 

The solid propellant is provided with a birefringent 
coating 6 which in Itself is conventional. The propellant 
is then pressurized, for example, by means of the pres- 
surizing bag 7. to a predetermined pressure or predeter- 
mined range of pressures. Illumination from the annu- 
lar lamp 37 is directed axially toward the birefringent 
coating and is reflected upwardly from the coating through 
the annular lamp 37. and prisms 34 to the camera 35. 

The light in passing from the lamp 37 to the camera 
35 is caused to pass through a filter which may be a mono- 
chromatic filter or may be a polarizing filter. In the latter 
case, the light passing from the lamp 37 to the birefringent 
coaling passes through an annular polarizing filter and 
then returns through a central filter, properly oriented 
with respect to the first filter, and then passes to the 
camera 35. 

For a complete analysis of the propellant, it is desirable 
that a set of photographs of the isoclinics (0 to 90 de- 
gress) be taken in rapid succession of the pat tern, appear- 
ing on the birefringent coating, and that the orientation 
of the polarizing fiber with respect to the birefringent 
coating be altered in predetermined amounts. This is ac- 
complished by “he turntable 21 which carries a plurality 
of filter units 24 in predetermined different orientations. 

The resulting photographs bear patterns which are 
uniquely related to the strains (defined by the theory of 
photoclasticity) existing .In the propellant so that the 
existence of anomalies in the propellant grain may be 
readily detected, acd in .general it may be readily deter- 
mined whether m not the propellant, meets a safe 
standard. 

More specifically, by taking measurements at various 
time intervals, strain and stress measurements as a func- 
tion of time are obtained. Two pertinent tests in the 
study of viscoelastic physical properties are (!) the creep 
lest and (2) the relaxation test* The creep test is ac- 
complished by maintaining the bag pressure constant 
(hence the stresses In the rocket grain) and observing the 
strain field as a .foncuoii of lime. The relaxation test 


is accomplished by maintaining the isochromatic pattern 
con s l an t ( » tra i n m ag n i ! u dc s j a n d observing t he stress field 
decay by monitoring the pressure drop in the bag. 

Dynamic studies can be either cyclical or transient 
5 The cyclical is accomplished by cycling the bag pressure 
whereas the transient is accomplished by either increasing 
or decreasing the bag pressure monotonically. 

The sequence of events may be accomplished manually; 
however, it is preferred to utilize a conventional auto- 
30 malic timing means to cause operation of the camera and 
notation of the turntable at predetermined intervals. 

While a particular embodiment of this invention has 
been shown and described, it is not intended to. limit 
the same to the exact details of 'he construction set 
15 forth, and it embraces such change, modifications,, and 
equivalents of the parts and their formation and arrange- 
ment as come within the purview of the appended claims. 

What is claimed is:; 

1. A method of testing a viscoelastic tubular solid pro- 
20 pel lent member, characterized by: 

(a) coating at least one end of a tubular solid propel- 
lant member with a birefringent resin; 

(b) sealing the ends of said propellant member in- 
ternally of said birefringent resin whereby said resin 

25 is exposed; 

(c) subjecting the tubular propellant member to iq- 
ternal pressures* 

(d) exposing the coating to polarized light 

(e) and photographing the strain pattern produced by 

30 said coating. 

2. A method of testing a viscoelastic tubular solid pro- 
pellant member, characterized by: 

(a) coating at least one end of a tubular solid propel- 
lant member with a birefringent resin; 

35 (b) sealing the ends of said propellant member; 

(c) subjecting the tubular propellant member to in- 
ternal pressures; 

(d) exposing the coating to polarized light; 

(e) changing the orientation of the polarized light; 

40 (r) end photographing the strain pattern produced by 

said coating for each orientation of the polarized 
light. 

3. A means of testing a viscoelastic tubular solid pro- 
pellant member, comprising: 

45 ^ J nean5 * or closing the extremities of the bore of a 

tubular solid propellant member having a birefringent 
costing on one axial end while exposing said coating; 

(b) means for internally pressurizing said tubular pro- 
pellant member; 

5 Q ( c ) means for exposing said coating to polarized light; 

(d) and coaxially disposed means for receiving polar- 
ized light from said coating. 

4. A means of testing a viscoelastic tubular solid pro- 
pellant member, comprising: 

55 (a) means for closing the extremities of the bore of a 

tubular solid propellant member having a birefringent 
coating on one axial end* while exposing said coating: 

(b) means for internally pressurizing said tubular pro- 
pellant member; 

00 (c) an annular source of light directed axially onto 

said coating; 

(d) means disposed coaxially with respect to said light 
source for receiving reflected light from said coat- 
ing passing through said annular source; 

65 (e) concentric light polarizing means disposed In the 

pains of incident and reflected light to a ad from said 
coating; ' 

(f) and a camera for photographing said reflected light. 

5. A means of testing a viscoelastic tubular solid pro- 
-q pedant member, comprising: 

(a) means for closing the ends of a tubular solid pro- 
pellant member having a birefringent coating cn one 
axial end; 

(b) means for in teroa-SJy pressurizing said tubular pro- 
75 pedant member; 
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(c) an annular source of light directed axially onto 
said coating; 

(d) means disposed coaxially with respect ip said light 

source for receiving reflected light from said coating 
passing through said annular source; 5 

(e) a plurality of concentric pairs of polarizing ele- 
ments; 

(f) means for moving said elements in sequence be- 
tween said light source and said coating whereby 
the light incident to and reflected from said coating 
passes through said polarizing elements; 

(g) and a camera for photographing light passing 
through said polarizing elements* 

6. A means for testing a viscoelastic tubular solid pro- . 
pellant member having a birefringent coating on an end J5 
thereof, comprising: 

(a) a support for said propellant member; 

(b) an inflatable bag within the bore of said propellant 

member;. . 

(c) means for inflating said bag to introduce strain in 20 
the propellant member; 

(d) an annular source of light directed axially onto 
said coating; 

(e) concentric light polarizing means disposed in the 
paths of incident and reflected light to and from said .25 
coating; 

(f) and a “camera for photographing said reflected light. 

7. A means for testing a viscoelastic tubular solid pro- 

pellant member having a birefringent coating on an end 
thereof, comprising: SO 

(a) a support. for said propellant member; 

(b) an inflatable bag within the bore of said propellant 
member; 

(c) means for inflating said bag to introduce strain in 

the propellant member; 35 

(d) an annular source of light directed axially onto said 
coating: 

(e) a plurality of concentric pairs of polarizing ele- 
ments oriented in different directions; 

(f) . means for moving said elements In sequence be- 40 
tween said light source and said coating whereby the 
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light incident to and reflected from said coating 
passes through said polarizing elements; 

(g) and a camera for photographing light passing 
through said polarizing elements. 

8. Apparatus for supporting a viscoelastic tubular pro- 
pellant member while undergoing test, comprising: 

(a) an inflatable bag dimensioned to fit within said 
propellant member; 

(b) means for inflating said bag; 

(c) means for axially restraining said bag, including 
a disk conforming to the dimensions of the opening 
in said propellant member whereby the end of said 
.propellant member surrounding said disk is exposed; 

(d) means for sensing change in axial dimension of 
said propellant member when subjected to internal 
pressure exerted by said bag; 

(e) ane ^ans controlled by said sensing means for 
moving said disk axially to compensate for axial 
movement of said propellant member and maintain 
said disk ift a predetermined contiguous relation 
with said propellant member thereby to prevent ex- 
trusion of said bag between said disk and propellant 
and restrict the force exerted by said bag on said 
propellant to radial directions. 
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